This paper empirically examines the time variation of the selectivity and timing performance of funds of hedge funds by employing rolling versions of the performance regression models of Jensen (1968) and Treynor and Mazuy (1966). We propose a cross-sectional regression method similar to those used by Fama and McBeth (1973) for the analysis of the determinants of the performance of funds of hedge funds. Using fund specific style benchmarks, which reflect the performance of the individual strategic asset allocation decision of each fund, and a sample of 1207 funds of hedge funds during January 1994 until December 2006, we find positive selectivity performance has faded away and has become negative in recent years while the timing performance erratically fluctuates around zero. However, both show considerable variation over time, but different magnitudes of cross-sectional dispersion. The cross-sectional regression reveals that the importance of the selectivity and timing seems to rotate over time. Nevertheless selectivity performance seems to be a good discriminating factor for superior funds of hedge funds. (1968) and Treynor and Mazuy (1966). We propose a cross-sectional regression method similar to those used by Fama and McBeth (1973) for the analysis of the determinants of the performance of funds of hedge funds. Using fund specific style benchmarks, which reflect the performance of the individual strategic asset allocation decision of each fund, and a sample of 1207 funds of hedge funds during January 1994 until December 2006, we find positive selectivity performance has faded away and has become negative in recent years while the timing performance erratically fluctuates around zero. However, both show considerable variation over time, but different magnitudes of cross-sectional dispersion. The cross-sectional regression reveals that the importance of the selectivity and timing seems to rotate over time. Nevertheless selectivity performance seems to be a good discriminating factor for superior funds of hedge funds.
I. Introduction
Funds of hedge funds invest in hedge funds with different strategies and monitor their managers, thus relieving their investors of the complicated selection and allocation process.
Despite the growing interest from institutional investors in hedge funds and especially in funds of hedge funds, little attention has been paid so far on the abilities of fund of hedge funds (FoHF) managers.
1 It is well known that FoHF managers try to detect excellent hedge funds and try to time the market by altering portfolio weights of different hedge fund strategies. Amenc and Vaissiè (2006) analyse two sources of the value added of FoHF managers: the strategic asset allocation and the active management (i.e. manager selection and market timing). They find that a large part of the performance of funds of hedge funds is attributable to the performance of the strategic asset allocation and only one third of the analysed funds of hedge funds add value through active management. However, their survivorship biased data sample consists of only 103 funds of hedge funds with continuous track records from January 1997 through December 2004. Capocci and Hübner (2006) analyse the performance persistence of 653 live and 254 dead funds of hedge funds over the period from 1994 to 2002 by using the total return, the Sharpe Ratio and a multifactor regression model, described in Capocci and Hübner (2005) , which extends the Carhart (1997) model by combining it with factors proposed by Agarwal and Naik (2004) . They find moderate positive performance persistence for the regression model in the bullish sub period which vanishes in the bearish sub period.
2 Gregoriou (2004) , who analyses the market timing performance of 227 live and 210 dead funds of hedge funds over the period from January 1993 to December 2001, finds that FoHF managers are poor market timers.
In general, tests for active management, like the ones from Jensen (1968) and Treynor and Mazuy (1966) , implicitly assume that the impact of active management is reflected in a stable and well-behaved increment or decrement to portfolio returns over the investigation period.
However, as pointed out by Heaney, Hallahan, Josev and Mitchell (2006) there is virtually no justification appearing in the literature for this assumption and little research is evident that deals with the time series behaviour of the performance of active management. They find that the selectivity performance of Australian equity funds is not constant over time. Chen and Liang (2007) document that timing performance of market timing funds does vary over time 1 Currently, up to the knowledge of the author, there are only three studies which focus on the performance of funds of hedge funds. These are the ones from Gregoriou (2004), Amenc and Vaissiè (2006) and Capocci and Hübner (2006) . 2 The same results are documented for the total return. However, they find strong positive performance persistence for the Sharpe Ratio in the bullish sub period, which softens in the bearish sub period.
due to changing market conditions. Given these findings, it would be appropriate to analyse the selectivity and timing performance of a large sample of funds of hedge funds over a long time horizon by using a time-varying approach.
This paper contributes to the performance analysis literature and especially to that of funds of hedge funds in several aspects. First, instead of assuming constant selectivity and timing performance over the investigation period, we allow for time changing selectivity and timing performance by using rolling versions of the performance regression models from Jensen (1968) and Treynor and Mazuy (1966) . Second, by using a cross-sectional regression method similar to those used by Fama and McBeth (1973) we study the determinants of funds' of hedge funds performance -selectivity and timing -over time. The standard approach is a two-step procedure. In the first step time series of the selectivity and timing performance of the analysed funds are obtained from rolling regressions. The second step is to estimate a cross-sectional regression, for each month t, of the ex post compounded monthly return on the ex post selectivity and timing performance off all funds. To our knowledge, this is the first paper to use such an approach for performance analysis. Third, we use fund specific style benchmarks, as proposed by Schwindler (2007) , which reflect the fund's individual strategic asset allocation decision in order to prevent any biases from the strategic asset allocation decision in the measured selectivity and/or timing performance.
The rest of this paper proceeds as follows. In Section II we describe the methodology, especially the performance models, the cross-sectional approach for performance evaluation and the construction of the fund specific style benchmarks. Section III describes the data on funds of hedge funds and the hedge fund group indices used for the construction of the style benchmarks. Section IV presents the empirical results of the time-varying selectivity and timing performance, and the determinants of the funds' of hedge funds performance. Finally, Section V offers some concluding remarks.
II. Methodology

A. Measuring Selectivity and Timing Performance
Fama (1972) partitions forecasting skills of portfolio managers into two distinct components:
(1) forecasts of price movements of selected individual stocks (security analysis or microforecasting); and (2) forecasts of price movements of the general stock market as a whole (market timing or macroforecasting). Microforecasting or security analysis involves identification of individual stocks which are undervalued or overvalued relative to general stock market whereas macroforecasting or market timing refers to forecasts of future realizations of the general stock market. However, Grant (1977) shows that market timing actions will affect the results of empirical tests that focus only on microforecasting skills. He shows that market timing ability will cause the Jensen (1968) 
where r i,t is the return of the fund of hedge funds i at time t, r b,t is the return of the benchmark which is represented by the market portfolio at time t, r f,t is the return earned by a risk free asset at time t and ε i,t is the residual term at time t with E(ε i,t ) = 0. β J measures the sensitivity of the fund's of hedge funds return to the benchmark portfolio. A positive intercept α J signals that the FoHF manager has an ability to select outperforming hedge funds and invest in them.
However, Jensen's alpha (α J ) can be biased if the FoHF manager tries to time the market by altering portfolio allocations of different hedge fund strategies. Treynor and Mazuy (1966;  hereafter referred to as TM) propose a regression model, which corrects the bias in the intercept α TM and provides a measure for the timing ability of the FoHF manager. The timing model of TM is given by 
where Var(r b,t -r f,t ) is the variance of the return difference between the return of the benchmark and the return of the risk free rate.
B. Time-Varying Performance
Chen and Liang (2007) show that the timing ability of market timing hedge funds varies over time due to changing market conditions and Heaney, Hallahan, Josev and Mitchell (2006) show that the selectivity ability of mutual funds also varies over time. Therefore, rolling regressions are used to capture the time variation in the selectivity and timing performance of FoHF mangers. 5 To investigate the time variability of the regression coefficients from the performance models, we estimate the coefficients for overlapping sub-sample periods from the entire sample period. The first estimate of the coefficient in period τ is estimated by using the sub-sample from period t = τ -n to period t = τ, where n is the length of the sliding estimation window. For the second estimation of the coefficient the sub-sample from period t = τ -n + 1 to period t = τ + 1 is used. The coefficients for date τ are estimated by employing an ordinary least squares regression technique to the following models:
C. Construction of Style Benchmarks
Since Roll's (1977) article, the choice of a benchmark portfolio is probably the most controversial issue in performance evaluation. Amenc and Vaissiè (2006) find that the strategic asset allocation of funds of hedge funds accounts for a large part of their performance. Furthermore, Schwindler (2007) documents that both selectivity and timing performance of funds of hedge funds measured with the regression models from Jensen (1968) and Treynor and Mazuy (1966) are biased by the strategic asset allocation decisions of the FoHF manager. Given these results we use style benchmarks, which reflect the individual strategic asset allocation decision of each fund of hedge funds, for the performance evaluation. Unfortunately, as the historical portfolio holdings of the funds of hedge funds are not available, we use Sharpe's (1988 Sharpe's ( , 1992 returns-based style analysis (RBSA), a useful alternative to the portfolio-based method of style analysis pioneered by Daniel, Grinblatt, Titman, and Wermers (1997) who use the actual portfolio holdings, to construct fund specific style benchmarks. The purpose of RBSA as proposed by Sharpe (1988) is to determine a manager's effective asset mix with respect to a set of asset classes, in the case of funds of hedge funds to different hedge fund strategies. The process of RBSA involves using the past returns to a FoHF manager's portfolio along with those to a series of indices representing different hedge fund strategies in an effort to determine the relationship between the fund and those specific strategies. Formally, returns-based style analysis can be viewed as a straightforward application of an asset class factor model:
where: R i,t is the return of the fund of hedge funds i in period t, r j,t is the return to the j-th hedge fund strategy in period t, w i,j is the weight of the j-th hedge fund strategy in the portfolio of the i-th fund, e i,t is the error term.
Sharpe imposed two restrictions, which are both applicable to funds of hedge funds. The first restriction, (i) the estimated portfolio weights sum to one, is required that w j,k can be interpreted as portfolio weights. The second constrain, (ii) all of the portfolio weights must be non-negative, is the short-selling restriction, which correctly implicates that FoHF managers can not sell short individual hedge funds. We follow Ter Horst, Nijman and de Roon (2004) in their terminology in which they name RBSA subject to both constrains strong RBSA.
Because of the inequality constrains, the portfolio weights cannot be obtained by applying ordinary least squares as in a classical multivariate linear regression. Therefore, quadratic programming algorithms are applied to solve for the portfolio weights, as the objective function is to minimize the variance of the error term e i,t . Schwindler and Oehler (2006) show that a RBSA model with four hedge fund group indices measures the actual portfolio weights more accurately than a RBSA model with 10 or more hedge fund strategy indices. As the style benchmark should reflect the strategic asset allocation decision of the FoHF manager, one should use the entire time series of each fund for the estimation of its strategic portfolio allocation. However, in order to prevent a look-ahead bias in the performance evaluation process we use all data available up to the date on which the estimations are generated. For the first estimate of the strategic asset allocation in period ν we use the sub-sample from period t = 1 to period t = ν. For the second the sub-sample from period t = 1 to period t = ν+1 is used. The portfolio weights of the four hedge fund groups in the strategic asset allocation at date ν are estimated by applying quadratic programming algorithms to solve the following model under the two restrictions mentioned above:
The time series of the fund specific style benchmarks are calculated by multiplying the individual portfolio weights of the hedge fund groups with the monthly returns of the hedge fund group indices.
D. Determinants of Funds of Hedge Funds' Performance
To investigate what best explains the cross-sectional dispersion of FoHF performance, we regress the compounded monthly return ( Given the fact, that the fee structure of funds of hedge funds typically deforms the distributions of returns, 6 the net-of-fee returns were revised by the management and performance fee of the individual fund of hedge funds taking into account its high-watermark.
The information for the calculation of the gross-of-fee returns was taken from the same database as the net-of-fee returns. Table II presents 
B. Hedge Fund Indices Data
We construct in the manner of Schwindler and Oehler (2006) 
III. Empirical Results
A. Style Benchmarks
The results of Sharpe's RBSA for constructing the fund specific style benchmarks, which replicate the strategic asset allocation of each fund of hedge funds, are quite robust as the average of the average R² over each fund's lifetime amounts to 0.56. Figure I , which displays the average R² over time, shows that the estimates of the strategic asset allocation of each fund are also quite robust over time. In order to check the robustness of the strategic asset 
B. Time-Varying Performance at the Fund Level
The results are calculated by running separate rolling regressions for each individual fund of hedge funds and then taking the average. We use rolling versions with a sliding window of 24 months of the regression models from Jensen (1968) and Treynor and Mazuy (1966) given by (4) and (5) using fund specific style benchmarks, which reflect the individual strategic asset allocations of the analysed funds of hedge funds. To find what best explains the cross-sectional dispersion of FoHF performance, we regresse FoHF average monthly net of fee returns onto the selectivity and timing performance separately. While the low average coefficient of determination of 0.060 for the regression with the timing performance indicates that timing ability is not a discriminating factor, the high coefficient of determination of 0.312 obtained by the regression with the selectivity performance clearly suggests that the difference of performance observed between funds of hedge funds is mainly due to selectivity performance.
IV. Conclusion
This paper examines the selectivity and the timing performance of funds of hedge funds and the analyses the determinants of funds' of hedge funds performance. Using a sample of 1207 funds of hedge funds drawn from the Fund of Funds DataFeeder from Barclay Alternative Asset Center (BAAC) we investigate especially the time variation in the selectivity and timing performance by employing rolling versions of the performance regression models from Jensen (1968) and Treynor and Mazuy (1966) . For the analysis of the determinants of funds' of hedge funds performance we use a cross-sectional regression method similar to those used by Fama and McBeth (1973) .
The results from the rolling regressions that are reported in this paper document that both the selectivity and the timing performance of the analysed funds of hedge funds (FoHF) are not constant over time. However, the on average positive selectivity performance has faded away and has become negative in recent years while the timing performance erratically fluctuates around zero with a extremly high dispersion across the analysed FoHFs. These results indicate that some FoHF managers seem to have both selectivity ability and timing ability, which both contribute to their absolute performance. Furthermore, the results show that the dispersion of the selectivity and timing performance is also not constant over time. The dispersion in the timing performance was extremly high in the period from November 2000 until November 2004, whereas the dispersion in the electivity performance has been getting constantly lower over time. Moreover, the cross-sectional regression analysis reveals that there is no main driver -selectivity of timing -of performance, as the influence of selectivity and timing is changing over time. However, the univariate cross section regression indicates that selectivity performance is good discriminating factor for superior absolute performance.
